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PBAT: Tools for Family-Based Association Studies
To the Editor:
A large number of computer programs are available for
family-based association tests (FBATs), including QTDT
(Abecasis et al. 2000), FBAT (Horvath et al. 1998, 2001;
Laird et al. 2000; Lake et al. 2000), and PDT (Monks
and Kaplan 2000). These programs primarily focus on
the computation of various test statistics. Here, we dis-
cuss a new integrated software package called “PBAT”
that contains tools for the planning of family-based as-
sociation studies, as well as tools for the data analysis
of such studies.
For nuclear families, PBAT provides power calcula-
tions for virtually any study design. PBAT’s data-analysis
tools can handle nuclear families, as well as extended
pedigrees. The data-analysis functions include univariate
and multivariate tests for various trait types, procedures
for effect-size estimation, and screening techniques to
select the most “promising” combinations of markers
and phenotypes. All P values can be computed on the
basis of both asymptotic theory and permutation tests.
PBAT implementations for Windows XP, Linux, and
Unix Solaris are freely available at the authors’ Web site.
For dichotomous and continuous traits, PBAT com-
putes the power for study designs that consist of different
family types with varying numbers of additional off-
spring, with missing parental genotypes, and under dif-
ferent ascertainment conditions. The data-analysis tools
of PBAT offer a unique variety of FBAT statistics (Laird
et al. 2000) for univariate and multivariate traits, for
gene-covariate interactions, for time-to-onset data, and
for repeated measurements. Most of these tests are not
available in other programs. All FBATs can be adjusted
for covariates, and their P values can be computed either
by asymptotic theory or by permutation tests. For the
observed data set, PBAT provides functions that assess
the power of the observed data set, compute the most
powerful test statistic, estimate the genetic-effect sizes in
different ways, and provide screening techniques/testing
strategies that select the optimal combinations of mark-
ers and phenotypes for testing (Lange et al. 2003b,
2003c). Especially in the context of large-scale associ-
ation studies, in which vast numbers of SNPs are avail-
able, PBAT’s screening techniques become crucial tools
to handle the multiple-comparison problem and to es-
tablish overall signiﬁcance of associations between SNPs
and traits.
PBAT is based on two key components: the approach
to conditional power calculations for a general class of
family-based association tests by Lange and Laird
(2002a, 2002b) and the conditional-mean–model ap-
proach for FBATs introduced elsewhere (Lange et al.
2003b, 2003c). The ﬁrst core function of PBAT is an
implementation of the approach to conditional power
calculations. For nuclear families and extended pedi-
grees, this function computes the distribution of any
FBAT statistic under the null and alternative hypotheses.
This function is derived from the algorithm proposed by
Rabinowitz and Laird (2000). The second core function
estimates all parameters of the conditional mean model
for FBATs (Lange et al. 2003b, 2003c), using generalized
estimating equations (Liang and Zeger 1986) without
biasing the signiﬁcance level of any FBAT statistic that
is computed subsequently.
The design section of PBAT contains functions that
assist the user in planning family-based association stud-
ies. For virtually any given study design and set of as-
certainment conditions, the user can assess the power of
the FBAT statistic (Laird et al. 2000) and decide whether
the planned study has sufﬁcient power. PBAT’s inter-
active design allows the user to change the design, the
ascertainment conditions, and the underlying genetic
model/mode of inheritance. The effects of such design
changes can be examined without much effort by the
user. The PBAT tools for power calculations are a soft-
ware implementation of the approaches to analytical
power calculations for FBATs described elsewhere
(Lange and Laird 2002a, 2002b; Lange et al. 2002a).
PBAT computes the power of FBATs for a variety of
scenarios. PBAT handles dichotomous/binary traits, con-
tinuous traits, missing parental information, multiple
offspring per family, and any combination of different
family types. Furthermore, the user can specify different
genetic models, and ascertainment conditions and the
linkage disequilibrium between the marker and disease
locus. All power calculations can be veriﬁed by Monte-
Carlo simulations.
PBAT’s data-analysis tools contain a unique set of
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functions for the statistical analysis of family-based as-
sociation studies. The theory for PBAT’s data-analysis
tools has been discussed in a series of articles (Lange
and Laird 2002a, 2002b; Lange et al. 2002b, 2003a,
2003b, 2003c, in press; DeMeo et al. 2002; Lyon et al.,
in press). These tools allow for a variety of analysis
possibilities: computation of the marker distribution un-
der the null and alternative hypotheses for nuclear fam-
ilies and extended pedigrees, transformation tools for
phenotypes/traits, multivariate FBATs (FBAT-GEE based
on the generalized-estimating-equation approach),
FBATs for repeated measurements (FBAT-PC based on
principal components that maximize the heritability),
and time-to-onset FBATs (log rank FBAT, Wilcoxon
FBAT, and FBAT-EXP). The P values for all of these test
statistics can be obtained by use of either asymptotic
theory or permutation tests. Conditional upon the suf-
ﬁcient statistic for each family (Rabinowitz and Laird
2000), the permutation-test option of PBAT permutes
all possible conﬁgurations of observed marker scores on
the basis of their probabilities under the null hypothesis.
Furthermore, PBAT provides functions for conditional
power calculations for all implemented FBATs and for
the construction of the most powerful FBAT statistic.
PBAT can accommodate gene-environment/drug inter-
actions in the FBAT statistic and can estimate the genetic-
effect size without biasing the signiﬁcance level of sub-
sequently computed FBAT statistics. PBAT can also
screen all combinations of markers and phenotypes
without biasing the signiﬁcance level of the subsequently
computed FBAT statistic.
PBAT is still being reﬁned, and our goal is to accom-
modate developments of the ﬁeld into PBAT. The power-
calculation functions of PBAT will be extended so that
the required sample size for the desired signiﬁcance can
be retrieved directly and optimal designs can be com-
puted on the basis of user-deﬁned cost functions for the
screening process, for the genotyping, and for the phe-
notyping. Another development will be to extend all
PBAT functions for power calculations and data analysis
to haplotype analysis.
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